Each poiy(A) containing cytoplasmic AD-2 mRNA contains at i t s 5 6)6 A m . The N 2 m is mostly C m but small amounts of the other three methylated bases are also present. All the methylated constituents of mRNA are distant from the 3 1 terminal poly(A). The amount of m6A appears to be greater in larger mRNA than in smaller mRNA. Nuclear Ad-2 specific RNA also contains caps, m^A, and m5c with about twice as much m^A r e l a t i v e to caps as cytoplasmic mRNA. The s i m i l a r i t y of Ad-2 nuclear and mRNA to HeLa hnRNA and mRNA suggests that adenovirus mRNA production is a good model for eukaryotic mRNA production.
PNP as well as an average of 4 m^A and 0.5-1 nwC residues per molecule. fi Almost a l l of the Ni m residues are adenine derivatives including A m , m A m and probably m2 6)6 A m . The N 2 m is mostly C m but small amounts of the other three methylated bases are also present. All the methylated constituents of mRNA are distant from the 3 1 terminal poly(A). The amount of m6A appears to be greater in larger mRNA than in smaller mRNA. Nuclear Ad-2 specific RNA also contains caps, m^A, and m5c with about twice as much m^A r e l a t i v e to caps as cytoplasmic mRNA. The s i m i l a r i t y of Ad-2 nuclear and mRNA to HeLa hnRNA and mRNA suggests that adenovirus mRNA production is a good model for eukaryotic mRNA production. . The same type of cap structure has now been i d e n t i f i e d in a variety of cultured cells and can be synthesized i n v i t r o i n isolated n u c l e i 7 ' 8 . In addition to the cap structure, some c e l l u l a r mRNAs contain internal N 6 -methyladenosine 9 ' 10>11 > 12 .
The formation of adenovirus mRNA is similar to cellular mRNA formation in many ways; the virus DNA is transcribed in the cell nucleus 1 3 ' 1 4 '
1 5 > 1 6 , probably exclusively in the form of RNA molecules much longer than the f i n a l size of mRNA 15 ' 16 . The large molecules are modified after trans c r i p t i o n by cleavage and addition at the 3' OH terminus of a 200 nucleot i d e segment of polyadenylic acid 1 7 . Finally, the mRNA emerges into the infected c e l l cytoplasm to be translated into virus specific proteins. 1 8 To determine whether adenovirus and HeLa were similar in yet another parameter, the methylation pattern of AD-2 nuclear and cytoplasmic RNA was examined.
METHODS AND MATERIALS
The growth of HeLa c e l l s , infection with AD-2, labeling of infected c e l l s l a t e in infection (14-18 h r s . ) , extraction of nuclear and cytoplasmic RNA, and hybridization of RNA to AD-2 DNA have a l l been described 1 4 ' 1 7 .
Poly(U) sepharose selection of poly(A) terminated RNA was carried out by formamide gradient e l u t i o n 1^.
For labeling AD-2 RNA with 3 H-methyl raethionine, c e l l s were collected 14 hours after i n f e c t i o n , and resuspended in methionine-free Eagle's medium supplemented with 5% dialyzed serum, 20 yM adenine, 20 yM guanosine and 10 mM NaCOOH and 1-1.5 mC 
RESULTS

Methylation in AD-2 mRNA
In order to determine whether virus-specific cytoplasmic RNA contained methyl groups, AD-2 infected Hela cells were labeled with 3 H methyl methionine from 14-18 hrs. after infection. The poly(A).-containing cytoplasmic RNA fraction, which is largely virus-specific mRNA at this time after i n f e c t i o n 1 4 ' 1^2 ! , contained radioactivity. To purify further the virus-specific sequences, the methylated RNA was hybridized to and eluted from AD-2 DNA on nitrocellulose f i l t e r s ; 50-75% of the poly(A) terminated methylated RNA bound to the filters (Table 1) . Preparations of methyl-labeled AD-2 specific RNA from three separate experiments were digested and subjected to DEAE chromatography as in Fig. 1 . In Experiment 3 a culture of uninfected cells was also labeled and cytoplasmic poly(A)-containing RNA analyzed.
The 3 H methyl-labeled mononucleotides from AD-2 mRNA were converted to nucleosides by digestion with alkaline phosphatase (3AP) and examined by paper electrophoresis ( Fig. 2A) and chromatography (2B,C); 85% of the radioa c t i v i t y was recovered as m^A as had been found in cellular mRNA'^. The remainder was m^C ( Fig. 2A, 2D ) which was also found previously in nuclear RNA but not in cytoplasmic poly(A)-containing RNA of HeLa cells**.
Oligonucleotides eluting from DEAE-cellulose in the -5 to -6 region were analyzed after digestion with Penicillium nuclease (P]) plus BAP. H-methyl-labeled cap material (-5 to -6) was isolated by DEAEceilulose column chromatography from RNAse digests of AD-2 cytoplasmic RNA as in Fig. 1 . The -5 to -6 material was desalted, digested with P] nuclease and BAP,and analyzed by paper electrophoresis at pH 3.5 as described previously 3 (Fig. 5 and 21 ). These results indicate that there are more m A residues in long than in short AD-2 mRNA molecules.
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• SEDIMENTATION - (Table 3) . Over 90% of the hybridizable 3 H-methyl-labeled RNA was in the RNA which did not rebind to poly(U) sepharose ( i . e . , segments of mRNA distant from poly(A)). The ratio of m 6 A to cap in the bound fraction was similar to the unbound fraction indicating that the bound molecules were unbroken mRNA. Although there are an average of 4 nrA residues per molecule, the m A, l i k e in c e l l u l a r mRNA, seems not to be in the 3 1 terminal t h i r d of AD-t mRNA. Table 3 . (Fig. 5) . Virus-specific RNA was selected from the 30-45S and >45S regions of the sucrose gradient by hybridization to and elution from AD-2 DNA without RNAse treatment as had previously been done to purify cytoplasmic AD-2 methyl-labeled RNA (Fig. 1) and ^H-uridine labeled AD-2 nuclear RNA 1 7. The selected RNA was digested with pancreatic and T^ ribonucleases and analyzed by DEAE-cellulose chromatography. Three types of 3 H-methyl-labeled components were found: 1) mononucleotides eluting at -2 ; 2) presumptive cap structures eluting at -5 , both of which had been seen in the cytoplasmic virus-specific RNA; and 3) material eluting at -3 which was not observed in the cytoplasmic RNA (Fig.   1A) . While the r a t i o of radioactivity in the cytoplasmic virus-specific RNA was about 1.5 for mononucieotide/cap, the same ratio in nuclear highmolecular weight virus-specific RNA was about 2.5 (Table 3) . Like the cytoplasmic RNA, the mononucleotide from the nuclear RNA was found to be m^A (Fig. 6A) . (In another preparation where more radioactivity was available 6% of the radioactivity was present as m 5 C.) The cap structures behaved similarly to the cytoplasmic caps but with perhaps a lower proportion of 3 H-methyl eluting at -6 than at -5 ( Fig. 1B.C) . These results suggest that "cap 1" structures in (m 7 GpppN m ) rather than "cap 2" structures predominate in nuclear AD-2 RNA. However, after digestion with P-j nuclease and BAP followed by paper electrophoresis (Fig. 6B) , 20% of the radioactivity was present as mononucleosides, suggesting that cap 2 structures predominate. The Tp-resistant dinucleotides from the nuclear RNA (-3) were completely sensitive to P, nuclease digestion, indicating that they arose from internal 2'-0-methylations (Fig. 7A) . The dinucleotides could be pre-rRNA contaminants because even though very l i t t l e new rRNA reaches the cytoplasm late in i n f e c t i o n 1 7 ' 2 2 , 45 and 32S RNA is s t i l l abundantly synthesized (Fig. 5) , and more than 90% of i t s methylation is on the ribose . To determine the extent of pre-rRNA contamination a sample of AD-2 nuclear RNA was hybridized with extensive pre-elution washings as before. One aliquot was eluted and The RNAse digested nuclear material eluting from DEAE-cellulose column at -3 charge (Fig. 1 ) was desalted and dissolved in 5 mM Na acetate buffer at pH 6. After heating at 80° for 2 min., the sample was treated with P, nuclease and BAP and analyzed by paper electrophoresis' 0 . Methyl-methionine labeled AD-2 nuclear RNA was purified by hybridization in three ways: 1) elution from AD-2 DNA as described in Table 1 (IX hybrid) , 2) by treatment of f i l t e r s bearing AD-2 DNA with 2.5 yg/ml RNAse A and 5 units of RNAse T l u at 37° in 2 x SSC (standard saline citrate) followed by extensive washes at 55° with 2 x SSC plus 0.15 M iodoacetate, pH 6.5 (RNAse resistant hybrid) prior to elution or 3) elution as in 1) followed by ethanol precipitation, resuspension in 0.01 M MgCl 2 , 0.0015 M CaClo. 0.05 M NaCl, and 0.01 M t r i s , pH 7.4 plus 50 yg/ml DNAse for 30 min. at 37°. The sample was then extracted 2X with phenol, precipitated with 2 volumes of ethanol redissolved in 2X TESS (the hybridization buffer) 1 4 , boiled for 3 min. and hybridized and eluted again from AD-2 DNA f i l t e r s . Approximately 55? of the acid precipitable RNA hybridized a second time with no labeled RNA adsorbed on blank f i l t e r s .
A l l three samples were then analyzed by DEAE. chromatography as in Fig. 1 for methylated constituents. At least 20,000 CPM were analyzed in each sample. contained significant amounts of di-nucleotide but the sample which was rehybridized a second time had lost 902 of the dinucleotides in spite of the fact that about 602 of the RNA recovered after one hybridization hybridized a second time to AD-2 DNA. We conclude that most i f not all dinucleotides derive from contaminating pre-rRNA.
DISCUSSION
The present results demonstrate a great similarity between methylated structures in adenovirus-specific nuclear and cytoplasmic RNA and the corresponding fractions from uninfected HeLa cells. In both cases, the mRNA exhibits two general types of methylated structures, a "cap" and internal base methylations. The cap is compatible with the structure proven in other cases to be m^GpppN^pNp and m 
